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Cofilin plays an important role in regulation of actin dynamics during cell migration and 
morphogenesis by severing and disassembling actin filaments. Actin-depolymerizing activity of 
cofilin is suppressed by phosphorylation at Ser-3 by LIM-kinases and is reactivated by 
dephosphorylation by Slingshot (SSH) family protein phosphatases, composed of SSH1, SSH2 and 
SSH3 in mammals. SSH1 binds to F-actin, and the phosphatase activity of SSH1 is dramatically 
enhanced by its binding to F-actin. During growth factor-induced cell migration, SSH1 accumulates 
onto F-actin-rich lamellipodia at the front of migrating cells. These results suggest that SSH1 is 
required for cell migration by activating cofilin and promoting actin turnover in lamellipodia at the 
leading edge of migrating cells. However, little is known about the molecular mechanisms of 
regulation of SSH1 activity.  
 In chapter I of my thesis, I examined the novel activation mechanism of SSH1 by gelsolin 
(GSN)-generated cytosolic short actin filaments (Figure 1). I identified GSN, scinderin (SCIN), and 
several actin-binding proteins as SSH1-binding proteins by proteomic analysis. GSN and SCIN 
belong to a GSN superfamily and play important roles in actin remodeling by severing of actin 
filaments, capping of the plus ends of actin filaments, and nucleation of actin assembly. We also 
showed that SSH1 binds to GSN via soluble actin filaments in 
the cytosolic fraction. Previous studies demonstrated that 
cytoskeletal insoluble F-actin promotes SSH1 activity, but I 
showed that the GSN-generated soluble actin filaments also 
activate the cofilin-phosphatase activity of SSH1 in vitro. GSN 
overexpression promoted neuregulin (NRG)-induced cofilin 
dephosphorylation in MCF-7 cells, and latrunculin A, an 
inhibitor of actin polymerization, suppressed the effect of GSN 
overexpression on cofilin dephosphorylation. These results 
suggest that SSH1 is activated by GSN-generated 
soluble actin filaments in the cytoplasm and is involved 
in cofilin dephosphorylation during the migration of 
NRG-stimulated MCF-7 cells. 
 In chapter II of my thesis, I analyzed the role 
of pleckstrin homology (PH)-like domain of SSH1 in regulating its cofilin-phosphatase activity. 
Previous studies demonstrated that F-actin binds to and activates SSH1 and the N terminal regions of 
SSH1, called “A” and “B” domains, are required for its activation by F-actin. In this study, I found 
that SSH1 has a PH-like domain structure at the N terminal region by the secondary structure 
prediction. Since the PH domains are generally known to bind phospholipids, I performed 
phospholipid blot assays and found that SSH1 specifically associates with phosphatidylserine (PS) 
through its N-terminal region (amino acids 1-461). Although the basic residues in the β1/β2 loop of 
the PH domain commonly form phospholipids-binding sites, replacements of the basic residues to 
acidic residues or alanine in the β1/β2 loop of the PH-like domain of SSH1(1-461) did not affect its 
PS-binding ability, and the incubation with PS did not affect the cofilin-phosphatase activity of SSH1. 
By contrast, replacements of the basic residues in the β1/β2 loop of the PH-like domain inhibited the 
association of SSH1 with actin (Figure 2) and suppressed the cofilin-phosphatase activity of SSH1 in 
the presence of F-actin. These results suggest that the PH-like domain of SSH1 is essential for actin-
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リングショットの二次構造予測により N 末端領域に PH 様ドメインが存在すること
が見出され、PH 様ドメインがスリングショットの機能にとって重要な役割を担う
ことを明らかとした。PH 様ドメインは脂質、タンパク質の結合ドメインとして機
能することが知られているため、スリングショットに特異的に結合する脂質を探
索したところ、ホスファチジルセリンが同定された。しかし、スリングショット
の PH 様ドメインはホスファチジルセリンとの結合には寄与しないことが示された。
そこで、次にアクチンとの結合について解析したところ、PH 様ドメインは塩基性
アミノ酸を介してスリングショットのアクチン結合能に寄与することが明らかと
なった。さらに、PH 様ドメインはスリングショットの活性化、アクチン繊維との
共局在に必須であることが明らかとなった。以上の成果は、細胞運動におけるア
クチン細胞骨格の制御機構を理解する上で重要な成果であり、本論文は、著者が
自立して研究活動を行うに必要な高度の研究能力と学識を有することを示してい
る。したがって、髙橋克宣提出の論文は、博士（生命科学）の博士論文として合
格と認める。 
 
 
